Abstract-Robotics kits are spreading out in the market, becoming more convenient, but more is required to determine their impact on educational activities, such us participants' perceptions and factors that could affect the activity. This paper presents an educational activity, which was designed with two main goals in mind. i) Determine if there is any impact of the programming language used in the activity and ii) create a baseline to change various factors in upcoming workshops. It was started with a series of six workshops held in the campus of the university and taken by 124 participants. Results indicate that in general working with robots is interesting and fun, there is no difference between males and females besides the question/factor of using technology to learn, and working in teams. Nevertheless, they also suggest that participants' previous experience on programming must align with the difficulty level of the workshop.
I. INTRODUCTION
Robots are gaining more importance in education due to their benefits for students [1] . Although many researchers have used robotics in education [2] , [3] , [4] , [5] , their impact is still unknown [6] . While the impact of robotics in the learning experience is measured, it is important to start determining the correct use of robotics in education. Otherwise, it could happen to any technology, its incorrect use may be counterproductive [7] . This understanding can only be reached in a continuous work with pupils, in which diverse considerations are implemented and measured.
The first step to obtain this understanding is to create a baseline that could be used as comparison in subsequent workshops. As a consequence, this paper presents an educational activity, which was designed with two main goals in mind. i) Find first indications of which factors influence the success of a teaching activity and ii) create a baseline to change various factors in upcoming workshops. The activity was designed to be used with the three programming languages available for Thymio II, which are visual programming, blockly programming, and text programming [8] . A total of six groups, three fourth grade and three fifth grade students, came to the campus of the university. Quantitative and qualitative data were collected for each workshop using the material developed for the ER4STEM project and reported in the deliverable 6.1 [9] . Results indicate that in general working with robots is interesting and fun. There was also found that there is no difference between males and females in the answers. The only difference in gender was found in the answers to the question "I would like to build robots to solve problems in the future". Nevertheless, the results also suggest that participants' previous experience in programming must be aligned with the difficulty level of the workshop. This paper is organized as follows. Section II presents relevant work in educational robotics. Section III introduces the platform used in the workshops and briefly describes the programming languages available for Thymio. Then, Section IV explains the activity done in the workshops and section V describe how the workshops were held. Finally, Section VI inform about the results obtained during the workshop and Section VII presents conclusions and further work.
II. RELATED WORK
Robotics has been used in different settings and platforms. Sullivan and Bers studied how robotics and computer programming could be used from pre-kindergarten to second grade classrooms and what children could learn from them [3] . They developed an eight week curriculum focused on teaching foundations of robotics and programming concepts. The robotic platform KIWI was used, which was specifically designed for young children (four years and up). The main particularties of KIWI are that it could be programmed using the Creative Hybrid environment for computer Programming (CHERP) and it does not require any computer to be programmed [2] . Similarly, Stoeckelmayr et al. [10] created eight workshops to introduce robotic concepts to kindergarten students using BeeBot.
However, the use of robotics is not limited to introduce robotics, it has been also used to teach physics and mathematics. For example Church et al. [4] , Ashdown and Doria [11] , and Williams et al. [5] have created activities to foster knowledge in physics using Lego Mindstorms platforms. Their results suggest that participants engaged with the activity and they learned about the topic that was evaluated.
In the last decade, researchers have come with the idea of using social robots in schools. Some researchers have investigated the features that a robot should have when is placed in a classroom [12] . They identified that motion is important for the participants, because it helps to break the monotony of classroom. Moreover participants highlight the importance of visualising geometrical concepts in the real world and their interest in interacting with the robot in pet-like way. Other researchers focused on the impact of verbal cues given by a robot to participants [13] , suggesting that it has a positive impact. Nevertheless, their research is focused on the social aspects of autonomous robots instead of the correct use in education.
Despite the versatility of robotics in terms of topics, ages and situations, there is required to understand their correct use in education. Without this understanding the real potential of robotics in education will not be completely unleash and in some situation could jeopardize the learning experience [7] .
III. THYMIO
Thimio II is a robotic platform (Figure 1 ) created at EPFL and is the second iteration of their attempt to create a low cost platform [14] . It was selected because it has several sensors and actuators that enable coverage of diverse topics. Additionaly, it could be programmed using three different languages via ASEBA. i) Visual programming was designed to let users drag and drop components into a canvas in Aseba studio. ii) Blockly programming is the Scracth [15] version for Thymio II. And iii) text programming is a textual language created for Thymio II.
IV. THE ACTIVITY
The activity was created by engineers without previous experience in education with the objective to introduce basic programming to the participants. It was assumed that participants do not have any previous knowledge in robotics or programming. Therefore, the activity was designed to be an introduction to programming using robots. The activity has an introductory exercise and ten different exercises. The introductory exercise is an activity used to welcome the participants and make them reflect on robotics. The ten exercises were designed to be incremental, as it was suggested by Ucgul and Cagiltay [16] , and introduce different capabilities of the robot. The description of the activities could be seen in Table I .
For each one of these exercises is written a handout with the following structure: a general description, which includes the goal of the exercise, the tasks description and some tips that could be useful for the students. An example of a handout is presented in Figure 2 . V. THE STUDY Three classes from fourth and three from fifth grade, according to the educational system of Austria, participated in the workshops offered under the frame of the European project ER4STEM 1 . These workshops were held in the campus of the university. The six classes came from the same school, in which each class follows either a scientific or language track. This means that classes on the scientific track have more mathematics and technological lessons, while the language track are focused on languages lessons, reducing other courses such as mathematics. The assignment of programming language for each workshops was random. The programming language and track information is provided in Table II . The class id is used to identify the grade of the class through the rest of the paper.
The evaluation kit developed in ER4STEM was used to collect quantitative and qualitative data [9] . This evaluation kit was developed with the objective answer ER4STEM's research questions, which are focused on maintaining the interest of children in technology and STEM. The evaluation kit consist of the following items:
• Handling protocol establishes the correct use of evaluation material. It describes in detail the activities that must be done before (e.g. providing consent forms to participants) and after the workshop (e.g. how to report the data) • Pre and post activity questionnaires are used to collect quantitative information. The pre-questionnaire captures participants' attitudes towards STEM subjects and careers. It is composed of 5 open questions, 38 Likert Participants get familiar with the sensors. Two: My First Program Participants create the first program, which consists on making the robot changes its colors in the following sequence: red, green, blue, yellow and red. Also they are asked to explore other commands to make the robot move.
Participants get familiar with the programming environment and language.
Three: Listen to Commands! A piece of code is given to the participants so they can understand it. Participants are asked to program the robot to move in the direction of the button that was pressed. By pressing the middle button, the robot should stop.
Participants learn how to use events to control the robot.
Four: Don't fall of the Table! Participants are asked to write a program that stops the robot when it detects a table edge or black surface using the ground sensors.
Participants get familiar with the ground sensors. Participants realize how previous exercises are combined. • Draw-a-scientist provides an understanding on previous stereotypes of the participants towards scientist and engineers.
• Observations of tutors are comments provided by the tutors about situations that were relevant. These comments help to inform the late analysis of the data.
• Interview is an additional mechanism to understand the experience of participants. The interview is done following a protocol, which includes specific questions about the activity. It is done with the focus group of each workshop. This focus group is formed by participants who had agreed on the consent form to be record.
• Students' reflections and artifacts of their learning are collected and used to verify the impact of the workshop. This includes but is not limited to programming code.
• Tutor reflection is a set of questions that let the tutor think about how the session went and identify possible changes that could be made. • Informed consent documents, which provides relevant information to parents and participants about the research done during the workshops. They are provided in advance, so participants can bring them at the day of the workshop.
• Reporting templates establish the basic structure on how the information is reported.
A. Procedure
The preparation of a workshop starts one month before the actual workshop take place. Participants are provided in advance with the consent forms and draw-a-scientist that they must bring at the day of the workshop. On the day of the workshop, two tutors receive the participants at the entrance of the engineering building and accompany them to the computer room, where the workshop takes place. These tutors are master students who were hired to implement all workshops. They do not have previous experience in teaching and their presence during the workshop is to support the participants when any problem is raised. When the participants arrive to the computer room, the tutors provide a code number to each one to anonymize their identity. Afterwards the pre-questionnaire is completed in which participants introduce their code number. Once all participants have finished, the tutors start with the introductory exercise. Once the exercise is completed, each group is assigned a computer, provided with a Thymio and a handout with the first exercise. While they are starting with the first exercise, the tutors ask within the groups that have agreed on their consent forms to be recorded to be the focus group. Once the focus group has been designated, the tutors provide them a GoPro camera, which they can use to register what they considered as relevant. Every time each group finishes one exercise the next one is provided to them. During the whole workshop the two tutors are present to answer any questions or help the participants in case of difficulties. 30 minutes before the end of the workshop, the focus group is interviewed; the interview takes around 10 minutes. When they come back, all participants are asked to fill the post-questionnaire.
VI. RESULTS
A total of 124 participants attended the six workshops: 46 males and 78 females. The average age was 14.4 with a standard deviation of 0.89, minimum age was 13 and maximum 18. Table III presents the information for each class.
A. Qualitative Data
The question what job would you like to do? was asked during the pre and post questionnaire. From the results, it was observed that participants' decision on the job remains the same. It is important to notice that few of the participants would like to pursue a STEM career such us computer science. More important, in one of the interviews to a Fourth group, one participant manifested that the workshop was funnier than they expected, because in their previous visits to universities the workshops were just presentations of researchers' work. Nevertheless she thought that after the workshop none of her classmate would change their career preference.
There is also evidence to support the idea that robots attract the attention of children and youth. Several participants from diverse workshops expressed that they were interested in the activity. This is presented in the answers provided in the post questionnaire to the questions What have you learned about yourself? and What have you learned about working with robots? In the answers to the first question, it was observed answers like "I never imagined that this would be interesting" or "I didn't know that robots interest me". While in the second, have been found answers which include the word "fun" in the answer and "interesting". Also, there are answers that the workshops helped to change the idea that programming is difficult. However, there are some cases where participants manifested that they are not good in computers nor technology.
B. Quantitative Data
Table IV presents the number of participants who have created a robot and/or programmed before. As it could be observed, the number of participants who have created a robot is low, with just 15% of participants. The only particular case is the class Fourth-1, where 35% of participants have already created a robot. Regarding the place where they have done it, 14 participants did it at home and just one at the school. The robotic platform mainly used was Lego Mindstorms. The number of participants who have not programmed is more than the double of the ones who had programmed. A majority of participants from fifth grade have programmed, while less than 28% of fourth grade have. School is the place where a majority of the participants have done it. The two most frequent answers about the specific programming activity that participants did were scratch and a web-site.
The answers to the questions related to working with robots I have used my knowledge of... are reported in Table V . As expected, most participants from all workshops do not think that they used their knowledge in science, mathematics and arts during the workshop. More importantly, a majority of participants considered that they learned about technology and how things work. A chi test was done for each question to determine if there was any difference between genders. The results showed that there is no difference between genders (p > (α = 0.05)) in all the questions. Figure 3 presents the box plot and workshop median for all the Likert scale questions in the post-questionnaire. A majority of participants agree and strongly agree with the statement: the problem they had to solved were interesting and fun. Importantly, most of the participants strongly agree with working with robots was interesting and fun. Looking at the level of workshop, it is possible to observe that even classes following the literature track found working with robots interesting and fun. Moreover, a majority of the participants strongly disagreed and disagreed with the statement I was bored. These results show the good perception that participants with and without interest in technology have of robots.
As could be expected from an activity that focus on programming, a majority of participants strongly disagree and disagree with the statements I helped design a robot and I helped create a robot. This tendency is reversed in the question I helped programme a robot. Regarding team related questions, participants considered that they worked in a team and was easy.
Table VI reports the answers for the clicking questions in the post-questionnaire. Just 20% of participants check that they would like to build robots to solve problems in the future. To Fourth-1  7  1  1  4  1  4  1  1  1  2  Fourth-2  5  2  2  4  0  5  1  1  2  0  Fourth-3  2  0  0  2  0  2  0  0  2  0  Fifth-1  2  1  1  1  0  11  4  5  0  7  Fifth-2  3  0  0  2  0  21  3  3  2  21  Fifth-3  1  0  0  1  0  14  0  0  2  13  Total  20  4  4 the questions I would like to solve more challenges to this one and I would like to use robots to learn in the future, there are just 36% and 37% of participants who showed their interest, respectively. A majority of participants understood that they can use robots to solve important problems. A chi test was done to verify if there was any difference between gender in each of the questions. The results showed that there is difference in the question I would like to build robots to solve problems in the future (χ(1) = 9.9, p = 0.002). In the other questions there are not any difference between genders (p > (α = 0.05)).
VII. CONCLUSIONS AND FURTHER WORK
This paper has presented an educational activity designed and implemented by engineers with the objective of teaching programming to school students. This activity was implemented in six workshops offered as part of the European project ER4STEM. Quantitative and qualitative data were collected in each workshop. The results suggest that regarding the programming language used, previous experience in robotics and programming, and interest, participants consider that working with robots is interesting and fun. Even though participants enjoy the experience of working with robots, we did not find any evidence that it is possible to change participants' career preference with a short robotics workshop. Also, quantitative results suggest that there is no difference between males and females in most of the questions asked in the post-questionnaire. Nevertheless, some stereotypes are held, for example the tendency that males prefer technology. Also,
